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BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to a method for reducing the amount of acrylamide in 
5 thermally processed foods. This invention permits the production of foods having 
significantly reduced levels of acrylamide. The method relies on interfering with an 
acrylamide formation pathway that begins with the amino acid asparagine. 
2- Description of Related Art 

The chemical acrylamide has long been used in its polymer form in industrial 
1 0 applications for water treatment, enhanced oil recovery, papennaking, flocculants, thickeners, 
ore processing and permanent-press fabrics. In very recent times, a wide variety of foods 
have tested positive for the presence of acrylamide monomer. Acrylamide has especially 
been foimd in carbohydrate food products that have been processed at high temperatures. 
Examples of foods that have tested positive for acrylamide include coffee, cereals, cookies, 
15 potato chips, crackers, french-fiied potatoes, breads and rolls, and fried breaded meats. Since 
acrylamide in foods is a recently discovered phenomenon, its mechanism of formation has 
not been confirmed. But, since the acrylamide monomer is not desired in food products, it 
would be useful to have a method for its significant reduction or elimination in thermally 
processed foods. 

20 CFLAY,00172PCT -1- 
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SUMMARY OF THE INVENTION 

This present invention is a method for reducing the amount of acrylamide in thermally 
processed food products comprising in one embodiment; providing a food ingredient that 
5 contains asparagine, subjecting the asparagine-containing food ingredient to asparagine 

inactivating means, using the asparagine-containing food ingredient as a component in a food 
mixture, and heating the food mixture to form a thermally processed food. Acrylamide is 
effectively reduced by reducing the amount of reactive asparagine present in the food or food 
ingredients prior to thermal processing. In one embodiment, asparagine is contacted with the 

1 0 enzyme asparaginase to convert asparagine to aspartic acid and ammonia. In another 
embodiment, the ingredients for use in the manufacture of the thermally processed food 
product are leached to remove asparagine before the food ingredients are heated at 
temperatures above about 80 C. In yet another embodiment of this invention, the ingredients 
for use in the manufacture of the food product are fermented to reduce asparagine as 

1 5 microorganisms metabolize asparagine for protein synthesis and other microbial metabolism. 

The above, as well as additional features and advantages of the invention will become 
apparent in the following written detailed description. 
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PETAILEP DESCRIFnON OF THE INVENTION 

The fonnation of acrylamide in thermally processed foods requires a source of carbon 
and a source of nitrogen. It is hypothesized that carbon is provided by a carbohydrate soxirce 
and nitrogen is provided by a protein source or amino acid source. Many plant-derived food 
5 ingredients such as lice, wheat, com, barley, soy, potato and oats contain asparagine and are 
primarily carbohydrates having minor amino acid components. Typically, such food 
ingredients have a small amino acid pool, which contains other amino acids in addition to 
asparagme. There are twenty standard amino acids that are the building blocks of proteins 
and can be found in these food ingredients including, but not limited to, lysine, alanine, 

10 asparagine, glutamine, arginine, histidine, glycine and aspartic acid. 

By ^thermally processed" is meant food or food ingredients wherein components of 
the food, such as a mixture of food ingredients, are heated at temperatures of at least 80**C. 
Preferably the thermal processing of the food or food ingredients takes place at temperatures 
between about 100°C and 205°C. The food ingredient may be separately processed at 

1 5 elevated temperature prior to the fonnation of the final food product. An example of a 

thermally processed food ingredient is potato flakes, which is formed from raw potatoes in a 
process that exposes the potato to temperatures as high as 200*'C. Examples of other 
thermally processed food ingredients include processed oats, par-boiled and dried rice, 
cooked soy products, com masa, roasted coffee beans and roasted cacao beans. 

20 Alternatively, raw food ingredients can be used in the preparation of the fmal food product 
wherein the production of the final food product includes a thermal heating step. One 
example of raw material processing wherein the final food product results fi:om a thermal 
heating step is the manufacture of potato chips jfrom raw potato slices by the step of frying at 
a temperature of from about lOOT to about 205°C or the production of french fries filed at 

25 similar temperatures. 

.3- 
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In accordance with the present invention, however, a significant formation of 
acrylamide has been found to occur when the amino acid asparagine is heated in the presence 
of a simple sugar. Heating other amino acids such as lysine and alanine in the presence of a 
simple sugar such as glucose does not lead to the formation of acrylamide. But, surprisingly, 
the presence of asparagine with another amino acid, such as lysine, in the presence of a 
simple sugar does cause an increase in the formation of acrylamide that is much greater than 
when asparagine is the only amino acid present. 

Having established the rapid formation of acrylamide when asparagine is heated in the 
presence of a simple sugar, a reduction of acrylamide in thermally processed foods can be 
achieved by inactivating the asparagine. By "inactivating" is meant removing asparagine 
from the food or rendering asparagine non-reactive along the acrylamide formation route by 
means of conversion or binding to another chemical that interferes with the formation of 
acrylamide from asparagine. 

One such method for inactivating is to contact asparagine with the enzyme 
asparaginase. This enzyme decomposes asparagine to aspartic acid and ammonia, 
Asparagine may also be inactivated as the precursor of acrylamide in a thermally processed 
food by leaching. The solubility of asparagine in an aqueous solution will be faciUtated when 
the pH of the solution is maintained as slightly acidic or shghtly basic, preferably between a 
pH of 5 and 9. Asparagine may further be inactivated as the precursor of acrylamide in a 
thermally processed food by fermentation. Asparagine can also be incorporated into protems 
to inactivate asparagine as a precursor to acrylamide. Asparagine may be further inactivated 
as the precursor of acrylamide by the addition of a divalent cation such as calcium in the form 
of calcium lactate, calcium citrate or calcium malate. Asparagine may also be inactivated as 
the precursor of acrylamide by increasing the amount of reducing sugar in the food by the 
addition of glucose, fructose or rhamnose. 
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Other techniques will be evident to those skilled in the art to effect the inactivation of 
asparagine in a way that interferes with the fonnation'of acrylamide. With lower levels of 
asparagine in the food ingredient or the food product prior to thermal processing, the level of 
acrylamide in the final processed food will be dramatically reduced. 

Several embodunents of the invention are illustrated in the examples set forth below: 
Example 1: 

This example demonstrates that acrylamide is not formed in the presence of a simple 
sugar and the amino acid lysine. About 0.2 grams of glucose was combined with about 0.1 
grams of the amino acid L-lysine hydrate and 0.2 mis of water in a 20-ml headspace vial. 
The vial was covered with aluminum foil and heated in a gas chromatographic oven with the 
following temperature profile: initial temperature setting of 40°C; the temperature was then 
increased 20'C per minute to 200''C; there was a two-minute hold at 200"C; after which the 
vial was allowed to cool to 40''C. After heating, the mixture had dried out and turned black. 
The reaction mixture was extracted with one hundred milliliters of water and acrylamide in 
the water was measured by GC-MS. When glucose was heated with L-lysine hydrate, 
acrylamide was not detected (detection limit less than 50 parts per biUion). If the Maillard 
reaction was the source of acrylamide, then the lysine reaction mixture should have contained 
acrylamide because the reaction mixture was extensively browned. 
Example 2: 

This example demonstrates that acrylamide is not formed in the presence of a simple 
sugar and the amino acid alanine. The method of Example 1 was repeated except the amino 
acid used was L-alanine. Again, acrylamide could not be measured above the detection limit 
of 50 parts per billion. 
Example 3: 

This example demonstrates the formation of acrylamide in the presence of a simple 
sugar and asparagine. Example 1 was again repeated except that the amino acid was L- 
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asparagine monohydrate. When the reaction mixture was extracted with water and 
acrylamide measured by GC-MS, the reaction mixture was measured to have 55,106 parts per 
billion acrylamide. Based on the initial charge of 0.1 gram of asparagine, this represents 
about a 9% yield of acrylamide. 
5 Example 4: 

This example demonstrates the formation of acrylamide in the presence of a simple 
sugar, asparagine and a second amino acid. Example 1 was repeated except that equal parts 
of L-lysine hydrate and L-asparagine monohydrate were each present in an amount of 0.1 
grams. The reaction mixture was tested for acrylamide and acrylamide was found at a level 
10 of 2 14,842 parts per billion. Based on the initial charge of asparagine and lysine, this 
represents about a 37% yield of acrylamide. 
Example 5: 

The reduction of acrylamide formation when asparagine and glucose are heated in the 
presence of the enzyme asparaginase is demonstrated in this example. The enzyme 

1 5 asparaginase was dissolved in 0.05 M tris-hydrocholoric acid buffer at ph 8.6 to make an 
active asparaginase solution. A control asparaginase solution was also made by heating a 
portion of the active asparaginase solution at lOO'C for 20 minutes to deactivate the enzyme. 
In the control, 0.2 grams glucose, 0. 1 gram asparagine and 20 mils of the heated asparaginase 
solution were combined in a 20-ml headspace vial. In the active enzyme experiment, 0.2 

20 grams of glucose, 0. 1 grams asparagine and 20 mils of active asparaginase solution were 
combined in a 20-ml headspace vial. The amount of enzyme in the vial was 250 enzyme 
units. The control and active enzyme mixtures were processed together m duplicate. The 
vials were kept at 3TC for 2 hours, then placed in an SO^C oven for 40 hours to evaporate to 
dryness. After heating, 0.2 ml of water was added to each vial. The vials were then heated in 

25 a gas chromatographic oven with the following temperature profile: proceeding from an 
initial temperature of 40''C; heating 20'C per minute to 200T; and holding at 200*C for 2 
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minutes before cooling to 40'C, The reaction mixtures were then extracted with 50 ml water 
and acrylamide in the water was measure by GC-MS, The values measured are shown in 
Table 1 below: 

Table 1 

5 Acrvlamide Formation in the Presence of Asparaginase and Glucose 

Test Material Acrvlamide (ppb) Percent Reduction 

Control 1 334,810 



Control 2 324,688 

10 Active Asparaginase 1 66 99.9 

Active Asparaginase 2 273 99.9 

As can be seen, treatment of the system with an enzyme that decomposes asparagine 
to aspartic acid and anmionia reduced acrylamide formation by more than 99.9%. This 
experiment establishes that reducmg the concentration of asparagine, or the reactive nature or 
1 5 asparagine, will reduce acrylamide formation. 

In addition to inactivating asparagine, plant-derived food ingredients can also be 
sourced from plants that are bred and selected for having asparagine levels that are lower than 
those of other similar plants. A reduction in the amount of asparagine in the plant-derived 
food ingredient will be reflected in the amount of acrylamide that is formed xmder the same 
20 conditions of thermal treatment. 

While the invention has been particularly shown and described with reference to one 
embodiment, it will be understood by those skilled in the art that various other approaches to 
the inactivation of aspamgine may be made without departing from the spirit and scope of 
this invention. 
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CLAIMS; 

We claim: 

1 . A method for the reduction of acrylamide in thermally processed foods comprising 
the steps of: 

(a) providing a food ingredient that contains asparagine; 

(b) inactivating asparagine in the asparagine-containing food ingredient; 

(c) using said food ingredient as a component in a food mixture; and 

(d) heating said food mixture to form a thermally processed food. 

2. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the food ingredient comprises primarily a carbohydrate. 

3. The method of reducing acrylamide formation in thermally processed foods of Clahn 
1 wherein the food ingredient is selected from the group comprising rice, wheat, com, 
barley, soy, potato and oats. 

4. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the food ingredient comprises potato. 

5. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherem the asparagine-containing food ingredient further comprises at least one 
other amino acid. 
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The method of reducing acrylamide formation in thermally processed foods of Claim 
S wherein the at least one other amino acid is lysine. 



7. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the inactivating step (b) comprises contacting the asparagine-containing 
food ingredient with asparaginase in the presence of a simple sugar. 

8. The method of reducing acrylamide formation in thermally processed foods of Claim 
7 wherein the simple sugar comprises glucose. 

9. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the inactivating step (b) comprises leaching the food ingredient. 

10. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the inactivating step (b) comprises fermentation of the food ingredient. 

1 1 . The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the food mixture is heated at step (d) to a temperature of at least 80°C. 

12. The method of reducing acrylamide formation in thermally processed foods of Claim 
1 wherein the thermal processing of the food mixture of step (d) occurs at 
temperatures between lOO^'C and 205*'C. 
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13. A food produced by the method of Claiin 1 . 

14. The food of Claim 13 wherein said food comprises potato. 

15. The food of Claim 14 wherein said food comprises potato chips. 
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16. A method for the reduction of acrylamide in thermally processed foods comprising 
the steps of: 

(a) providing a food ingredient that contains asparagine; 

(b) contacting the asparagine-containing food ingredient with asparaginase; 

(c) using said food ingredient as a component in a food mixture; and 

(d) heating said food mixture to form a thermally processed food. 



17. The method of reducing acrylamide formation in thermally processed foods of Claim 
16 wherein the food ingredient comprises primarily a carbohydrate. 



18. The method of reducing acrylamide formation in thermally processed foods of Claun 
16 wherein the food ingredient is selected from the group comprising rice, wheat, 
com, barley, soy, potato and oats. 

19. The method of reducing acrylamide formation in thermally processed foods of Claim 
16 wherein the food ingredient comprises potato. 

20. The method of Claim 1 6 wherein the contacting asparagine-containing food 
ingredient wifli asparaginese of step (b) occurs in the presence of a simple sugar. 

2 1 . The method of reducing acrylamide formation in thermally processed foods of Claim 
20 wherein the simple sugar comprises glucose. 
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22. The method of reducing acrylamide formation in thermally processed foods of Claim 
20 wherein the food mixture is heated at step (d) to a temperature of at least SO^'C. 



23. The method of reducing acrylamide formation in thermally processed foods of Claim 
20 wherein the thermal processing of the food mixture of step (d) occurs at 
temperatures between lOO^C and 205°C. 



24. A food produced by the method of Claim 16. 



25. The food of Claim 24 wherein said food comprises potato. 



26. The food of Claim 25 wherein said food comprises potato chips. 
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